Processing conditions (potato level, frying temperature and frying time) were optimized for the development of buckwheat based chips using response surface methodology (RSM). Moisture content, oil uptake, color values, hardness and overall acceptability (OAA) were used as indices of product quality. The polynomial regression model was fitted with R 2 values of 0.983, 0.982, 0.98, 0.996, 0.973, 0.984 and 0.985 for moisture content, oil uptake, L, a*, b* values, hardness, and OAA respectively indicating fitness of the models. Potato level and frying temperature showed a significant effect on all responses at linear and quadratic levels except frying temperature for OAA at the linear level and hardness at quadratic level. Frying time showed significant effect on a* value, b* value, hardness and OAA at linear level. Interaction between all processing variables had a significant effect on a* value. Interaction between potato level and frying temperature had significant negative effect on moisture content of buckwheat chips. Potato level (30%), frying temperature (169°C) and frying time (51 s) were found to be the optimum processing conditions with maximum OAA (8.36). 0.33 a w was established as the water activity at which maximum stability of chips was shown. Buckwheat chips packed in both polypropylene (PP) and metallised polyester (MP) remained stable and acceptable for 6 months at RT whereas for 3 and 6 months in PP and MP films respectively at 37°C.
Introduction
Snack foods are integral part of the diet playing an essential role in consumer's daily nutrition and calorie intake, usually produced to be durable, handy, economical and easy to eat out of a bag or package without any additional preparation. Snacks, consumed more often by people are chips, cakes, tortillas etc. The most common savoury snacks in the world are potato and corn chips which are consumed by people of all age groups (Thakur and Saxena 2000) . Cereals and legumes commonly used for the manufacture of snack foods are wheat, rice, chickpea flour etc.
Buckwheat being a rich source of dietary fiber, resistant starch, vitamins, minerals, flavanoid and antioxidants is a potential food ingredient, especially for the development of snacks (Jiang et al. 2007; Das et al. 2011; Lin et al. 2009 ). Due to prevalence of obesity, cardiovascular and other lifestyle related diseases, people are now becoming conscious about their food choices and patterns, the market, thus, needs a variety of healthy snacks which can provide satiety value too. Consumption of buckwheat groats helps to reduce the risk of atherosclerosis, hypertension and diabetes owing to low glycemic index and reduces cholesterol level in blood (Foster-Powell and Miller 1995; Drobot et al. 2009 ). Buckwheat protein is supposed to reduce serum cholesterol, suppress gallstones and tumors and inhibit the angiotensin I-converting enzyme, thereby improving health (Koyama et al. 2013) . Koyama et al. (2013) reported that unique medicinal properties such as antihypertensive and antihypercholesterolemic effects in humans are observed due to presence of phenolic compounds and flavones such as hyperin, quercitrin and quercetin isolated from immature buckwheat seeds (Li et al. 2010) . Therefore, development of ready-to-eat chips from buckwheat, a non-gluten pseudocereal, along with potato by optimization process would be highly advantageous in obtaining a highly acceptable product for celiac and diabetic people, people on fasting and other conventional consumers.
Potato was incorporated to buckwheat flour at different proportions in this study, as potato is widely used to make snack products, highly acceptable by consumers and can be consumed even during fasting. Chips are generally prepared from potato or banana but other chips were also developed like wheat chips (Kaycier et al. 2013) , water chestnut chips (Monaco et al. 2010) , ackee aril flour chips (Essuman et al. 2016) , etc. Buckwheat flour has not been used as the main ingredient in the preparation of fried chips until now and thus formed the basis of study.
The aim of the present study was to optimize processing conditions for development of potato incorporated buckwheat and study storage stability of chips during storage in polypropylene (PP) and metallised polyester (MP) pouches at RT and 37°C conditions.
Materials and methods
Buckwheat groats, potato, rice bran oil (Fortune brand), spices were obtained from local market in Mysore, Karnataka, India.
Preparation of chips
Buckwheat flour with different proportions of boiled potato (cooked for 10 min at 15 psi followed by peel removal to make potato mash) was mixed (100:0, 75:25 or 50:50) thoroughly for all 17 experimental runs (Table 1 ) of 500 g sample each. Red chilli powder (0.6%), black pepper powder (0.6%), rock salt (2.5%) and water were added and the mixing was continued using a Kitchen Aid dough mixer (Professional 600, USA) for 5 min. Subsequently dough was covered with a plastic cover and 10 min resting time at room temperature was given for suitable hydration. Dough was sheeted manually to 1.5-2.0 mm thickness and chips were cut into circular shape of 2 cm diameter using a mold. Chips were deep fat fried in a temperature-controlled fryer (M/s. Continental, India) at different frying temperatures (160°C, 170°C and 180°C) and time (40, 50 and 60 s) for the optimization of processing variables. Range for all the processing variables were selected with prior trials based on the maximum sensory acceptability by researchers. After frying process, samples were cooled to room temperature and stored in PP (75 l) and MP (90 l) pouches till further analysis.
Physico-chemical analysis
Moisture and oil uptake of the samples were determined using standard procedures described in AOAC (1990) . Tristimulus hunter colorimeter (M/s Miniscan XE plus, Model No. 45/O-S, Hunter Associates Laboratory, Inc., Reston, VA, USA) with D65 illuminator at an observer angle of 10°w as used to determine the colour coordinates of the chips surface. Standard white and black tiles were used as a reference.
Texture analysis
Buckwheat chips samples prepared based on the experimental design were subjected to the textural analysis at room temperature via Texture Analyzer (TA.HD ? , Stable Micro Systems, UK). This was equipped with Crisp fracture support rig with 5 mm diameter stainless steel ball probe operating at a test speed of 0.5 mm/s over a distance of 5 mm with a load cell of 5 kg. Hardness was expressed as the maximum force required during first compression.
Sensory evaluation
On the basis of colour, crispiness and taste, sensory acceptance of the chips was reported as overall acceptability (OAA) using a 9 point Hedonic scale according to Larmond (1977) by semi-trained panel.
Experimental design
The modelling of three processing variables: potato level (A), frying temperature (B), and frying time(C) was done via three-factor, three-level Box-Behnken experimental design (Box and Behnken 1960) with three replicates at the center point using Design Expert Ò 10.0.6.0 software. Predictive regression models were constructed for moisture content, oil uptake, colour, textural and sensory parameters. Second-order polynomial equation of independent variables was fitted for each response analyzed:
where Y (i = 1-7) is the predicted response for moisture, oil uptake, L, a* and b* values, hardness and OAA respectively, b 0 depicts the estimated regression coefficient of the fitted response at center point of the design; b 1 , b 2 , b 3 depicts the regression coefficient for linear effect terms; Effect of water activity (a w ) on lipid peroxidation 150 g samples of powdered buckwheat chips was kept in desiccators of fixed a w to study effect of a w on lipid peroxidation for 40 days at room temperature. P 2 O 5 was used to obtain 0.0 a w and saturated solutions of MgCl 2 , NaBr and NaNO 3 were used to obtain a w of 0.33, 0.57 and 0.73 respectively. Stored samples were analyzed for moisture content, peroxide value, free fatty acid value and thiobarbituric acid initially (0th day) and after every 10 days for the period of 40 days.
Storage and evaluation
Buckwheat chips prepared by using optimized parameters of variables viz. potato concentration, frying temperature and frying time were packed in PP and MP pouches, heat sealed and stockpiled under room temperature (RT) and accelerated (37°C) conditions for further studies.
Analysis
The buckwheat chips were developed and analysed for moisture content (%), peroxide value (meqO 2 /kg oil), free fatty acid (% oleic acid), thiobarbituric acid (mg malonaldehyde/kg sample) and overall acceptability during storage. Microbial profiles was also determined using the Petri plate method as described by APHA (1992) for standard plate count (SPC) on plate count agar, coliform count on violet red bile agar, fecal coliform on Escherichia coli agar, and yeast and mold counts on potato dextrose agar. Presence of pathogens viz. coliform, Salmonella and Staphylococcus aureus was also determined by APHA (1992).
Statistical analysis
Data was analysed and response surface plot were generated using the Design Expert Ò . 10.0.6.0 software (Stat Ease Inc., Minneapolis, MN). Analysis of variance (ANOVA) and regression coefficient (R 2 ) was determined using Design Expert software to test the significance of each variable (p B 0.05) and to verify the adequacy of the model respectively. The validity of the model was estimated by comparing experimental and predicted values. for each model (Table 2) . Table 2 showed that the co-efficient of determination R 2 was more than 80% and lack of fit (LoF) was insignificant indicating the fitness of models. Therefore, all seven responses were selected for further interpretation.
Results and discussion

Effect of processing variables on physico-chemical changes in buckwheat chips
Effect on moisture content
Effect of potato and frying temperature on moisture content was found significant (p B 0.05) at both linear and quadratic levels. Interaction between potato level and frying temperature also showed a significant (p B 0.05) negative effect on moisture content (Table 2 ). Moisture content was found to increase with the increase in potato level. During frying, the decrease in the moisture content was observed with increase in frying temperature and time. Response plot (Fig. 1a, b) revealed that the moisture content of chips increased slightly on increase in potato level which is attributed to the higher moisture retention and water binding property of potato (Malav et al. 2012) . Increase of moisture content with increase in potato level was also observed in mashed potato incorporated egg cutlets by Singh et al. (2016) . Decrease of moisture content with increasing frying temperature and time may be due to rapid removal of unbound water in fried food as boiling point of oil and water in food is reached during deep fat frying (Shyu et al. 2005) . Similar trend of decrease in moisture content with increase in frying temperature and time was observed in deep fried plantain chips (Adeyanju et al. 2016) , deep fried tortillas (Moreira et al. 1997) due to rapid removal of unbound moisture. Coefficient of determination (R 2 ) for moisture content of buckwheat chips was found to be 0.839 ([ 80%) indicating fitness of model.
Effect on oil uptake
Potato level and frying temperature had a significant (p B 0.05) positive effect on oil uptake at linear level. At quadratic level, increase in potato level showed significant (p B 0.05) positive effect and increase in frying time had a significant (p B 0.05) negative effect on oil uptake. Increase in oil uptake with increase in frying time was also observed ( Table 2) . Maximum response for oil uptake (13.65%) was obtained with potato level (50%) at 170°C for 60 s and minimum response for oil uptake (10.21%) was obtained with potato level 25% at 160°C for 40 s (Table 1) . During frying process, oil uptake increased with the increase in all processing variables at linear level due to transfer of heat from oil into food product and consequent replacement of moisture from food by frying oil (Krokida et al. 2000 ). The oil uptake followed an increasing trend Fig. 1 Effect of process variables on moisture content (a, b), oil content (c, d), hardness (e, f) and OAA (g, h) along with the second order polynomial model equation
with the increase in boiled potato percentage in the formulation. Similar trend was observed by Chetana et al. (2014) and Singh et al. (2016) in potato incorporated chicken cutlets and egg cutlets respectively. With increase in frying temperature and time, oil uptake increased resulting in crunchier texture. Response plot for oil uptake (Fig. 1c, d ) showed increased oil uptake during deep fat frying of chips, which may be due to molecular size redistribution or modification in porosity. Similar trend of significant increase in oil uptake with increase in frying temperature and time was observed by Moreira et al. (1997) and Sobukola et al. (2007) for potato slices, tortilla chips and yam chips respectively. The coefficient of determination (R 2 ) was obtained to be 0.809 for oil uptake indicating fitness of model.
Effect on color parameters
Potato level, frying temperature and time showed a significant (p B 0.05) effect on the colour characteristics of buckwheat chips. Lightness index (L) decreased significantly (p B 0.05) with change in all processing variables at linear level (Table 2 ). The rise in temperature of the product during frying resulted in caramelization, a non-enzymatic browning reaction (Shallenberger et al. 1959 ) which might have caused a decrease in the lightness value of samples. All processing variables showed significant (p B 0.05) positive linear effect on a* and b* values of buckwheat chips. Also, potato level and frying temperature showed a significant (p B 0.05) effect on both a* and b* values at quadratic level. Interaction between the variables attributed significant effect on a* values of final product. Increase in frying temperature and time at constant potato level resulted in increase in a* and b* value while decrease in L value. Buckwheat chips with 50% potato appeared comparatively darker and showed more redness (a*) as a result of surface non-enzymatic browning reactions which affected the final colour of the product due to formation of melanoidins due to interaction between protein and sugar molecules (Shallenberger et al. 1959) . Pedreschi et al. (2005) also reported increase in a* values of potato crisps with increasing frying temperature and time. Changes in buckwheat flour to potato ratio in the preparation of buckwheat chips also affected its yellowness value significantly (p B 0.05) due to maillard reaction. When potato to buckwheat ratio was changed from 0:100 to 50:50, an increase in yellowness value was observed. Torbica et al. 
Effect on texture
Firm crispy texture which provides easy snap to produce crunchy sound is one of the most desirable characteristic of fried products. Texture of fried food depends on both raw material and processing condition. The texture of fried foods is governed by various factors which include starch content, size of the starch granules, pectic substances, cell wall and non-starch polysaccharides (Nourian and Ramaswamy 2003) . Potato level, frying temperature and frying time showed a significant (p B 0.05) effect on hardness of buckwheat chips at both linear and quadratic level except frying temperature at quadratic level (Table 2 ). Crispy and crunchy textured product with maximum acceptability was obtained when chips were fried at 170°C for 50 s with a potato level of 25% (Table 1 ). Figure 1e , f illustrates increase in hardness values with increase in potato level as well as decrease in frying temperature and frying time. Increase in hardness was observed due to increase in potato level which may be due to good binding of potato with buckwheat flour as observed in egg cutlets incorporated with mashed potato by Singh et al. (2016) . The decrease in hardness values with an increase in frying temperature and time may be due to loss of moisture during frying. The results were in conformity with that reported for barley chips by Prakash et al. (2015) . The coefficient of determination (R 2 ) was 0.806 for hardness values indicating goodness of fit.
Effect on OAA
Changes in the processing variables viz potato level, frying temperature and frying time has significantly (p B 0.05) affected the overall acceptability of buckwheat chips. Chips with better acceptability were obtained when fried for 50 s at 170°C with 25% addition of potato to buckwheat flour (Table 1) . Potato level showed significant (p B 0.05) positive linear effect on OAA. On the other hand, all the processing variables showed a significant quadratic effect on OAA. Increase in OAA score at higher temperature (till 170°C) may be due to shorter frying time (50 s) which gave more crispy and light coloured chips. Figure 1g , h revealed increase in OAA with frying time up to certain level (50 s) after which decrease in OAA was observed which might be due to thicker crust development and subsequent loss of moisture. The coefficient of determination (R 2 ) was obtained to be 0.876 for overall acceptability indicating fitness of model.
Regression equations and model fitting
The lack of fit and significance of the linear, quadratic and interaction effects of the independent variables on the dependent variables was determined by ANOVA. Regression coefficient (R 2 ) and predicted R 2 for the buckwheat chips were determined by using Statisica software and results are tabulated in Table 2 . All the responses were fitted with quadratic models. The significance of all the models was indicated by p values less than 0.05 (p B 0.05) of all regression models. The R 2 values of the dependent variables for moisture content, oil uptake, L, a*, b* values, hardness and OAA were found between 0.97-0.99. Joglekar and May (1987) reported that R 2 values greater than 80% indicate the fitness of polynomial models which are used for describing the effect of variables on the responses. Results revealed that for all the response variables, the models were highly adequate because they have agreeable levels of R 2 of above 80% and that there is no significant lack of fit in all the response variables. Earlier Kaycier et al. (2013) reported that in optimization of processing conditions of wheat based chips, the polynomial models were fitted as the R 2 value for the responses like dry matter, ash, hardness, L, a and b values and OAA were more than 80%.
The multiple regression equations (as coded factors) obtained for the response variables are as follows: Optimization of variables and model validation All the variables like potato level, frying temperature and frying time were optimized by means of numerical multiresponse optimization method. Numerical optimization technique is one of the paramount methods to find out the best optimal ratio of the variables in the experiment as it decreases the time and efforts required for the investigation of multifactor and multiple-response systems. Optimization for independent variables was carried out with all the responses kept in range as well as maximum overall acceptability. The optimized values for potato level, frying temperature and frying time were 30%, 169°C and 51 s respectively with a desirability of 0.958 (Table 3) . The predicted responses were experimentally validated using optimized values for the variables. If the predicted values are close to the experimental values during the validation tests, the model is regarded as an adequate model. No significant (p [ 0.05) difference between experimental and predicted response values (Table 3) was shown from results and thereby reconfirming the appropriateness of the models.
Proximate composition of optimized buckwheat chips
The optimized buckwheat chips had 7.62% moisture content, 12.62% fat, 11.52% protein, 2.91% dietary fiber, 1.74% ash content, 66.5% carbohydrate and energy value of 425.66 kcal/100 g. Potato level significantly (p B 0.05) affected the OAA of chips.
Shelf stability of optimized buckwheat chips
Storage stability of optimized buckwheat chips in different packaging materials (PP and MP) at room temperature (15-34°C) and 37 ± 2°C conditions was assessed on the basis of changes observed in moisture content (MC), peroxide value (PV), free fatty acid value (FFA), thiobarbituric acid value (TBA) and overall acceptability (OAA).
The moisture content in all the samples increased significantly (p B 0.05) from a minimum value of 7.65-9.29 and 9.16% at RT and 37°C temperature conditions respectively in samples packed in PP films during 9 months of storage. However, the increase in moisture content was observed less in MP packed samples and it increased from 7.65 to 8.06 and 8.07% at RT and 37°C temperature conditions respectively during 9 months, due to its better barrier property for moisture as compared to PP films (Table 4 ). The same trend of comparatively more moisture content increase in PP than MP films was reported during storage of instant wheat porridge mix by Khan et al. (2014) . There was a significant (p B 0.05) increase in moisture content of chips packed in PP films during 9 months at both RT and 37°C. There was also a significant (p B 0.05) difference between moisture content of chips packed in PP and MP films at both RT and 37°C during storage.
PV, an index to assess the lipid oxidation level which form hydroperoxides as primary product (Kashyap et al. 2012 ) was found significantly (p B 0.05) higher in samples packed in PP films as compared to those packed in MP films (Table 4 ). The peroxide value of chips increased from 3.21 to 25.24 and 22.76 meqO 2 /kg fat packed in PP and MP pouches during 9 months of storage at 37°C. The increase in PV at RT was from 3.21 to 22.46 and 20.49 meqO 2 /kg fat in PP and MP films respectively. The changes in peroxidation were found to be significantly (p B 0.05) less in MP as compared to sample stored in PP films during 6 months. Ikpeme et al. (2007) reported that peroxide value of less than 25 meqO 2 /kg fat is the safe limit for storage of chips and it is evident from our study that PV of the samples stored at RT and samples stored in MP films at 37°C remained within the safe limit during entire storage.
FFA value increased significantly (p B 0.05) from 0.56 to 2.94 and 2.75% oleic acid in PP and MP films at RT, from 0.56 to 3.34 and 2.92% oleic acid in PP and MP films at 37°C during 9 months of storage. FFA in chips increased significantly (p B 0.05) during storage irrespective of the packaging materials. However, no significant changes between samples stored in PP and MP films at RT was observed. Lipase activity was destroyed during thermal processing (frying) employed for chips and therefore, the decomposition of hydroperoxide may have resulted in the formation of free fatty acids in chips as previously reported in processed cereal product by Thakur and Arya (1990) . TBA test is a method for measurement of secondary metabolites. With increase in PV, an increase in TBA values was observed due to formation of secondary metabolites after lipid peroxidation. The TBA values during 9 months of storage increased significantly (p B 0.05) from 0.08 to 0.27 and 0.24 mg malonaldehyde/kg sample in PP and MP packed samples respectively at 37°C. The same has been increased significantly (p B 0.05) from 0.08 to 0.25 and 0.22 mg malonaldehyde/kg sample in PP and MP packed samples respectively stored at RT. The same trend of comparatively higher TBA values in PP as compared to MP films was reported during storage of instant wheat porridge mix by Khan et al. (2014) .
The increase in lipid oxidation during storage has undoubtedly affected the sensory attributes of chips stored at both the temperature conditions. The OAA score of 8.23 obtained initially decreased significantly at each interval of the study conducted at both temperature conditions and was decreased to 6.12 & 6.74 and 5.16 & 5.87 in samples packed in PP and MP films stored during 9 months at RT and 37°C temperature conditions respectively. There was development of unacceptable rancid off-flavor and the decrease in crispiness due to which sensory evaluation was not carried out further. However, between the samples packed in PP and MP films, the OAA score did not vary significantly except for samples stored at RT during 9 months as well as 37°C during 6 and 9 months. The accelerated temperature conditions (37°C) decreased the OAA values significantly during storage. Since OAA score of 7 was considered as the lowest limit for the acceptability of the product which reveals more than 75% acceptability from the researchers, the product was found to be acceptable for 6 months at RT irrespective of packaging material and 3 months in PP films, 6 months in MP films stored at 37°C.
There was practically no significant change in the microbiological status of chips during the entire storage period. The total plate count of chips prepared at 0th day ranged from 75 to 100 colonies/g and in 9 months stored samples, the same was found to be from 125 to 165 colonies/g irrespective of storage conditions and packaging materials. Fresh and stored chips showed below 10 cfu/g of yeast and mold count, no coliform and fecal coliform during 9 months. The pathogens viz E. coli, S. aureus and Salmonella were also absent in all stored samples.
Effect of water activity on storage
Changes in moisture content, PV, FFA and TBA values of optimized buckwheat chips under a w of different levels (0-0.73) are shown in Fig. 2a-d . The product equilibrated to 0.54, 5.15, 8.44 and 15.26% moisture levels at 0.0, 0.33, 0.57 and 0.73 a w respectively after 40 days of storage. a w up to 0.73 showed no visible microbial spoilage for 40 days. The gradual increase in PV and FFA values were observed at all a w during storage but least values were observed at 0.33 a w suggesting that monolayer acts as a barrier towards the oxidation of lipid present in food resulting in the maximum stability of the product. Both below and above 0.33 a w , the rate of increase of PV and FFA values was more. Labuza (1978) reported similar results as water forms hydrogen bonds with hydroperoxides and arresting decomposition of peroxides into free radicals at 0.33 a w . The similar results depicting maximum stability of product at 0.33 a w were also obtained previously for groundnut burfi (Khan et al. 2008 ) and flaxoat nutty bar (Padmashree et al. 2013) .
Conclusion
RSM was found to be efficient in optimizing the best optimal values of processing variables to obtain buckwheat chips with maximum acceptability. The present study shows that buckwheat flour can be substituted with 30% boiled potato and deep fried at 169°C for 51 s to obtain chips with maximum overall acceptability. The effect of a w on lipid peroxidation established the maximum stability of the chips at 0.33 a w . Buckwheat chips remained acceptable for 6 months in both the packaging materials at RT and also 6 months in MP pouches at 37°C storage conditions.
